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DEPARTMENT  OF  THE  ARMY 

NEW  ENGLAND  DIVISION.  CORPS  OF  ENGINEERS 
424  TRAPELO  ROAD 
WALTHAM.  MASSACHUSETTS  02154 


NED  ED 


Honorable  Michael  S.  Dukakis 
Governor  of  the  Commonwealth  of 
Massachusetts 
State  House 

Boston,  Massachusetts  02133  NOV  2  9  1978 


Dear  Governor  Dukakis: 

I  am  forwarding  to  you  a  copy  of  the  Sudbury  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection  of 
Non-Tederal  Dams*  'This  report  Is  presented  for  your  use  and  Is  based 
upon  a  visual  Inspection,  a  review  of  the  past  performance  and  a  brief 
hydrological - study  _o£  ihe  dam.  A  brief  -assessment  is  included  at  the 
beginning  of  the  ^Deport*  I  have  -approved  the  report  and  support  the 
findings .^and^pecemmendatlons  described  -In  Section  7  and  ask  that  you 
keep  me ^Informed  of  the  actions  taken  to  Implement  them.  This  follow-up 

lartof  -this  program. 

. . .  forwarded  to  the  Department  of  Envlron- 

anental'Tb^ality  Engineering ,  the  cooperating  agency  for  the  Commonwealth 
of  Massachusetts*  In  addition,  a  copy  of  the  report  has  also  been  fur¬ 
nished  the -owner,  the  Metropolitan  District  Commission,  Commonwealth  of 
Massachusetts,  80  Somerset  Street,  Boston,  Massachusetts  02108,  ATTN: 
Mr.  Martin  Beip,  'Chief  Engineer. 

r.npi  «»fl  af  rhT  a  xeport  ^wn  1  be  made  available  to  the  public,  upon 
request  ,hy  this  office  under  the  .Freedom  of  Information  Act.  In  the 
-case  of  this  reportthe  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

1  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Quality  Engineering  for  your  cooperation  In  carrying  out 
this  program. 


Sincerely  yours, 


actitwi-is»-*yitally3idmportant  i 


*A  copy  oftbfs  xeport  has  been 
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Identification  No. : 
Name  of  Dam: 
Town: 

County: 

State: 

Stream: 

Date  of  Site  Visit: 


MA  00741 
Sudbury  Dam 
Southbo  rough 
Worcester 
Massachusetts 
Stony  Brook 
30  June  1978 


Sudbury  Dam  is  a  dam  of  intermediate  size,  consisting  of  an 
earth  embankment  approximately  70  ft.  high  and  a  central  stone  ma¬ 
sonry  ogee  spillway,  together  approximately  2000  ft.  long.  The  dam, 
constructed  for  water  supply  in  1896,  is  classified  in  the  "high"  haz¬ 
ard  potential  category. 

The  dam  is  generally  in  good  condition.  There  were  no  obvious 
signs  of  failure  or  conditions  which  would  warrant  urgent  remedial 
treatment. 


Hydraulic  analyses  indicate  that  the  spillway  is  adequate  in  size 
to  safely  pass  the  test  flood,  determined  to  be  the  probable  maximum 
flood,  without  overtopping  the  dam. 

The  MDC  should  perform  additional  investigations  to  determine 
the  stability  of  the  spillway  weir,  especially  the  top  ten  feet  at  the 
crest,  under  loading  from  the  test  flood  and  from  seismic  forces.  An 
investigation  to  evaluate  seepage  and  embankment  slope  stability 
left  of  the  spillway  should  also  be  undertak  en. 

Recommendations  for  remedial  work  include  cutting  of  grass 
and  brush  on  the  downstream  slope  and  immediately  downstream  of 
the  toe,  and  pointing  of  facing  stones  at  the  spillway  crest  and  else¬ 
where  as  required. 


The  recommendations  and  remedial  measures  described  in 


Section  VII  should  be  implemented  by  the  owner  within  24  months 
after  receipt  cf  this  Phase  I  Inspection  Report. 


HALEY  &  ALDRICH,  INC 


This  Phase  I  Inspection  Report  on  Sudbury  Dam  has  been 
reviewed  by  the  undersigned  Review  Board  members.  In  our  opinion 
the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection.- 
of  Dams,  and  with  good  engineering  judgment  and  practice,  and  is 
hereby  submitted  for  approval. 


FRED  J.  fttWIS,  Jr., 
Chief,  DeVfgn  Branch 
Engineering  Division 


■PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Rec¬ 
ommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from  the 
Office  of  Chief  of  Engineers,  Washington,  D.  C.  20314.  The  pur¬ 
pose  of  a  Phase  I  Investigation  is  to  identify  expeditiously  those 
dams  which  may  pose  hazards  to  human  life  or  property.  The  as¬ 
sessment  of  the  general  condition  of  the  dam  is  based  upon  avail¬ 
able  data  and  visual  inspections.  Detailed  investigation,  and  analy¬ 
ses  involving  topographic  mapping,  subsurface  investigations,  test- 
ting,  and  detailed  computational  evaluations  are  beyond  the  scope 
of  a  Phase  I  Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  re¬ 
ported  condition  of  the  dam  is  based  on  observations  of  field  condi¬ 
tions  at  the  time  of  inspection  along  with  data  available  to  the  inspec¬ 
tion  team.  In  cases  where  the  reservoir  was  lowered  or  drained 
prior  to  inspection,  such  action,  while  improving  the  stability  and 
safety  of  the  dam,  removes  the  normal  load  on  the  structure  and  may 
obscure  certain  conditions  which  might  otherwise  be  detectable  if  in¬ 
spected  under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the  condi¬ 
tion  of  the  dam  at  some  point  in  the  future.  Only  through  continued 
care  and  inspection  can  there  be  any  chance  that  unsafe  conditions 
be  detected. 

Phase  I  investigations  are  not  intended  to  provide  detailed  hy¬ 
drologic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  test  flood  is  based  on  the  estimated  "probable  maximum 
flood"  for  the  region  (greatest  resonably  possible  storm  runoff),  ora 
fraction  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should  not 
be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydro- 
logic  and  hydraulic  studies,  considering  the  size  of  the  dam,  its  gen¬ 
eral  condition  and  the  downstream  damage  potential. 
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SUDBURY  DAM 

IDENTIFICATION  NO.  MA  00741 


PROJECT  INFORMATION 


GENERAL 


A.  Authority.  Public  Law  92-367,  August  8,  1972,  author¬ 
ized  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
initiate  a  National  Program  of  Dam  Inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers  has  been 
assigned  the  responsibility  of  supervising  the  inspection  of  dams  with¬ 
in  the  New  England  Region. 

Haley  &  Aldrich,  Inc.  has  been  retained  by  the  New  England 
Division  to  inspect  and  report  on  selected  dams  in  the  State  of  Massa¬ 
chusetts.  Authorization  and  notice  to  proceed  were  issued  to  Haley  & 
Aldrich,  Inc.  under  a  letter  dated  26  April  1978  from  Colonel  Ralph 
T.  Garver,  Corps  of  Engineers.  Contract  No.  DACW33-78-C-0301 
has  been  assigned  by  the  Corps  of  Engineers  for  this  work.  Camp, 
Dresser  &  McKee,  Inc.  was  retained  as  consultant  to  Haley  &  Aldrich, 
Inc.  on  the  structural,  mechanical/electrical  and  hydraulic/ hyrologic 
aspects  of  the  investigation 

B.  Purpose.  The  primary  purposes  of  the  National  Dam  In¬ 
spection  Program  are  to: 

1.  Perform  technical  inspection  and  evaluation  of  non- 
Federal  dams  to  identify  conditions  which  threaten  the  public  safety 
and  thus  permit  correction  in  a  timely  manner  by  non-Federal  inter¬ 
ests. 
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2,  Encourage  and  prepare  the  states  to  initiate  quickly  ef¬ 
fective  dam  safety  programs  for  non-Federal  dams. 


of  Dams. 


3.  To  update,  verify  and  complete  the  National  Inventory 
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1.2  PROJECT  DESCRIPTION 


A.  Location.  The  dam  is  located  in  the  town  of  Southborough,  MA 
approximately  one-half  mile  north  of  Route  9  and  just  west  of  the  boun¬ 
dary  between  Worcester  and  Middlesex  Counties,  as  shown  on  the  Lo¬ 
cation  Map,  page  vi.  Overflow  from  the  dam  is  carried  by  Stony  Brook 
to  MDC  Framingham  Reservoir  No.  3. 

B.  Dam  and  Appurtenances.  Sudbury  Dam  consists  of  an  earth 
embankment,  an  ungated  granite.-faced  spillway  near  the  middle  of  the 
embankment,  and  a  gate  house  structure.  The  total  length  of  the  dam 
is  about  2000  ft.  Plans,  profiles  and  sections  are  shown  on  drawings 
in  Appendix  B. 


•  • 


The  right  and  left  embankments  are  approximately  45  ft.  and  70 
ft.  high,  respectively.  Slopes  are  2  horizontal  to  1  vertical  on  the  up¬ 
stream  side  and  the  upper  part  of  the  downstream  side.  The  lower 
part  of  the  downstream  slope  is  2.  5  to  1.  The  embankments  consist 
of  a  concrete  core  wall  bearing  on  rock  and  earth  fills  as  shown  by 
Appendix  B-4.  The  upstream  face  is  protected  by  riprap  and  stone 
paving.  There  is  a  gravel  service  road  at  the  crest  and  the  down¬ 
stream  slope  is  covered  by  grass,  weeds  and  brush. 

The  spillway  is  an  ogee  type  founded  on  rock.  It  is  300  ft.  long, 
with  a  maximum  height  of  approximately  71.  5  ft.  A  cross-section  of 
the  spillway  is  shown  in  Appendix  B-2. 

A  gate  house  structure  is  located  at  the  left  end  of  the  spillway. 
The  structure  consists  of  three  intake  chambers  each  connected  to 
48- in.  diameter  outlet  conduits.  Details  of  the  gate  house  are  shown 
in  Appendix  B-2,  3  and  5.  Note  that  only  one  of  the  48- in.  conduits 
presently  discharges  at  the  toe  of  the  spillway  upstream  of  the  access 
road  bridge. 

C.  Size  Classification.  Sudbury  Dam  has  an  estimated  storage 
to  the  top  of  the  dam  of  33,020  acre-feet,  and  a  maximum  height  of 
about  70  ft.  Storage  between  1,  000  and  50,  000  acre-feet  and  a  height 
of  from  40  to  100  ft.  classifies  Sudbury  Dam  in  the  "intermediate" 
size  category,  according  to  guidelines  established  by  the  Corps  of 
Engineers. 

D.  Hazard  Classification.  Sudbury  Dam  is  currently  classified 
as  having  a  "high"  hazard  potential  in  the  Corps  of  Engineers  National 
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Inventory  of  Dams.  A  dam  failure  analysis.  Appendix  D,  indicates 
the  potential  for  loss  of  lives  and  extensive  damage  to  homes,  buildings, 
bridges  and  roadways  downstream.  Therefore,  it  is  recommended  that 
this  classification  be  retained. 

E.  Ownership.  The  dam  is  owned  by  the  Massachusetts  Metro¬ 
politan  District  Commission,  20  Somerset  Street,  Boston,  MA  02108. 

F.  Operator.  The  operation  of  the  dam  is  the  responsibility  of 
the  Sudbury  Section  of  the  MDC,  311  Hollis  St.,  Framingham,  MA. 

The  Superintendent  of  the  Sudbury  Section  is  Mr.  Edward  Ginsburg 
(phone:  (617)  872-4383).  The  plant  engineer  at  the  site  is  Mr.  Joseph 
P.  Young  (phone:  (617)  872-3793). 

G.  Purpose  of  the  Dam.  The  dam  was  constructed  to  create  a 
water  supply  reservoir  for  the  Boston  Metroplitan  area.  In  about 
1915,  the  gate  house  was  modified  for  power  generation,  believed  to 
be  two  275  K.  V.A.  generators  and  one  900  K.V.A.  generator.  The 
facility  is  now  used  for  water  supply  only. 

H.  Design  and  Construction  History.  Sudbury  Dam  was  com¬ 
pleted  in  1896.  Five  record  drawings  dated  1899  are  included  in  Ap¬ 
pendix  B.  Some  repairs  were  made  on  the  spillway  in  1956  and  the 
outlet  conduits  from  the  gatehouse  were  re-routed  at  some  unknown 
time.  The  circular  outlet  downstream  of  the  spillway  no  longer  ex¬ 
ists  in  the  form  3hown  on  the  record  drawings.  However,  no  major 
structural  changes  to  the  embankment  and  spillway  have  been  made 
since  the  dam  was  constructed. 

I.  Normal  Operational  Procedures.  The  water  impounded  by 
the  dam  is  used  as  part  of  a  water  supply  by  the  Metropolitan  District 
Commission  of  Massachusetts.  The  spillway  flashboards  normally 
remain  in  place.  Water  is  not  taken  directly  into  the  transmission 
system  from  the  dam,  but  is  released  into  the  downstream  channel 
which  flows  to  Framingham  Reservoir  #3.  Water  is  usually  taken 
from  this  complex  only  in  periods  of  high  demand. 

1.3  PERTINENT  DATA 

All  record  plans  for  the  Sudbury  Dam  are  on  Boston  City  Datum. 
However,  elevations  reported  hereinafter  are  on  the  National  Geodetic 
Vertical  Datum  (NGVD).  To  convert  to  NGVD,  subtract  5.65  ft.  from 
elevations  which  are  on  the  Boston  City  Datum. 
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A.  Drainage  Area.  The  Sudbury  River  drains  a  total  area  of 
about  163  square  miles  and  originates  at  Cedar  Swamp  Pond  in  West- 
borough,  MA.  The  drainage  area  upstream  of  Sudbury  Dam  is  ap¬ 
proximately  22.  3  square  miles  of  flat  to  rolling  terrain. 


B.  Discharge  at  Dam  Site. 


1.  Outlet  Works. 


2.  Maximum  known  impoundment  at  dam 
site . . . 


3.  Ungated  spillway  capacity  at  top  of 

dam  (with  flashboards  removed). . . 

4.  Ungated  spillway  capacity  at  test  flood 

pool  elevation 

(with  flashboards) . 


(without  flashboards). 


3  48- in.  pipes  (see 
Section  1.3J  for 
details) 

El.  256.  12  on  19 
August  1955  (ac¬ 
cording  to  the 
MDC) 

23,  200  cfs  at  El. 
260.  35 


11,  100  cfs  at  El. 
259.  5 

11,  100  cfs  at  El. 
257.8 


5.  Gated  spillway  capacity  at  normal 

pool  elevation . 

6.  Gated  spillway  capacity  at  test  flood 

pool  elevation . 

7.  Total  spillway  capacity  at  test  flood 

pool  elevation  (with  flashboards). . 

8.  Total  project  discharge  at  test  flood 

pool  elevation  (with  flashboards). . 

C.  Elevation  (ft.  above  MSL,  NGVD  Datum) 

1.  Top  dam . 

2.  Test  flood  pool-design  surcharge 

(with  flashboards). . . 

(without  flashboards). . . 

3.  Design  surcharge  -  original  design.  . 

4.  Full  flood  control  pool . 


5.  Water  supply  pool. 


11, 100  cfs  at  El. 
259.5 

11,100  cfs  at  El. 
259.5 

260.35 

258.  6 
257.  1 
Unknown 

259.  35  assuming 
1  ft.  freeboard 
253.  35 
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6.  Spillway  crest 

(with  flashboards) .  2  54.  52 

(without  flashboards). .  253.  35 

7.  Upstream  portal  invert  diversion 

tunnel 

Upper  Level . . .  236.  85 

Middle  Level .  217.35 

Lower  Level . . .  196.44 

8.  Streambed  at  centerline  of  dam .  196.4 

9.  Maximum  tailwater .  Unknown 


D.  Reservoir 

1.  Length  of  maximum  pool  (at  PMF). . .  22,  500  ft.  (Est.  ) 

2.  Length  of  water  supply  pool  (Normal).  22,  500  ft.  (Est.  ) 


3.  Length  of  flood  control  pool .  N/A 

E.  Storage  (acre-feet) 

1.  Top  of  dam .  33,020  (Est.) 

2.  Test  flood  pool .  27,  980  (Est.  ) 

3.  Flood  control  pool. . . . . .  N/A 

4.  Water  supply  pool .  22,  260  (Est.) 

5.  Spillway  crest .  22,  260  (Est .  ) 

F.  Reservoir  Surface  (acres) 

1.  Top  of  dam .  1780  (Est.  ) 

2.  Test  flood  pool  (at  PMF) .  1570  (Est.  ) 

3.  Flood- control  pool .  N/A 

4.  Water  supply  pool . . .  1280  (Est.) 

5.  Spillway  crest .  1280  (Est.  ) 

G.  Dam  Embankment 

1.  Type .  Earth  embank¬ 

ment 

2.  Length .  Approx.  2000  ft., 

less  spillway 

3.  Height .  Approx.  70  feet 

4.  Top  Width .  Approx.  12  feet 

5.  Side  Slopes .  2:1  U/S,  2:1  and 

2.  5  D/S 


6.  Zoning 


7.  Impervious  core 

8.  Cutoff . 

9.  Grout  curtain. . . 


"Boulder  Clay 
Puddle"  U/S; 
"Sand  and  Grav¬ 
el"  D/S 
Concrete  Core 
Wall 

Concrete  Core 

Wall 

None 


1.  Type 


2.  Length  of  weir. 

3.  Crest  elevation 

4.  Flashboards. . . 

5.  U/S  Channel. .  . 

6.  D/S  Channel. . . 

7.  General . 


Ungated  masonry 
ogee  weir  (gran¬ 
ite  faced) 

300  ft. 

233.  35 
14  in.  high 
50-ft.  depth 
behind  spillway 
Shaped  discharge 
channel 

Excellent  hydrau¬ 
lic  condition 


J.  Regulating  Outlets,  The  intake  inverts  at  the  outlet  struc¬ 
ture  are  elevation  191.  35,  217.  35  and  236.  85.  There  are  presently 
four  48- in.  pipes  from  the  reservoir.  One  of  the  pipes  is  capped  and 
is  unuseable.  One  of  the  pipes  outlets  immediately  downstream  of 
the  spillway  at  approximately  El.  185.  The  two  remaining  pipes  flow 
through  increasers,  60- in.  pipes,  an  underground  vault,  and  addition¬ 
al  piping  to  discharge  through  a  rectangular  outlet  in  the  invert  of  the 
channel  downstream  of  the  access  roadway  bridge.  The  pipe  lines 
are  controlled  by  sluice  gates  and  valves  in  the  outlet  structure.  The 
pipe  lines  to  the  rectangular  outlet  have  additional  valve  control  away 
from  the  main  body  of  the  dam.  These  outlets  could  be  used  to  lower 
the  reservoir  level  although  no  estimates  are  available  of  their  dis¬ 
charge  capacity. 


II.  ENGINEERING  DATA 
2.  1  design  RECORDS 

Five  record  drawings  dated  1899,  prints  of  which  are  included  in 
Appendix  B,  indicate  the  general  configuration  of  the  dam  when  it  was 
constructed.  With  the  exception  of  a  drawing  showing  details  of  the 
spillway  channel  and  stone  masonry  wall,  no  detailed  design  drawings, 
calculations  or  other  records  for  the  original  project  were  located. 

In  about  1915,  the  control  house  was  modified  to  accommodate 
power  generation  equipment.  Several  drawings  are  available  to  show 
this  "Proposed  Hydro-Electric  Plant".  No  other  modifications  to  the 
original  design  are  believed  to  have  occurred. 

A  list  of  available  documents  is  included  in  Appendix  B. 

2.  2  CONSTRUCTION  RECORDS 

Record  drawings  for  the  original  construction  in  the  1890's,  are 
included  in  Appendix  B. 

The  only  other  construction  records  for  the  dam  located  involved 
the  repointing  of  the  spillway  in  1956  and  removal  of  the  power  gener¬ 
ating  equipment  in  1970.  See  Appendix  B-7  for  a  list  including  the  con¬ 
tracts  for  this  work. 

2.  3  OPERATION  RECORDS 

Monthly  reservoir  water  surface  elevations  and  daily  water  sup¬ 
ply  records  were  the  only  operational  records  located  during  the  in¬ 
vestigation. 

2.4  EVALUATION 

A.  Availability.  Available  design,  construction  and  operation 
records  are  located  at  Sudbury  Dam  in  Southborough,  MA  and  at  the 
MDC,  20  Somerset  Street,  Boston,  MA  02108. 


B.  Adequacy.  The  1899  Record  Drawings  appear  to  provide 
sufficiently  accurate  data  which  in  combination  with  the  visual  exam¬ 
ination  described  in  the  following  section,  are  adequate  for  the  pur¬ 
poses  of  the  Phase  I  Investigation. 


III.  VISUAL  EXAMINATION 


3.  1  FINDINGS 

A.  General.  The  Phase  I  visual  examination  of  Sudbury  Dam 
was  conducted  on  30  June  1978. 

In  general,  the  dam  embankment  and  spillway  were  found  to  be 
in  good  condition.  Some  minor  deficiencies  which  require  correction 
were  noted. 

A  visual  inspection  check  list  is  included  in  Appendix  A  and 
selected  photographs  of  the  project  are  given  in  Appendix  C. 

B.  Dam.  The  earth  embankment  located  right  and  left  of  the 
spillway  is  generally  in  good  condition.  There  was  no  evidence  of  set¬ 
tlement,  lateral  movement  or  other  serious  defects.  The  upstream 
slope  is  paved  with  large  cut  stones  and  is  in  excellent  condition.  Photo 
No.  6. 


The  following  specific  items  were  noted: 

1.  Wet  areas  at  the  downstream  toe  were  noted  at  two  locations. 
At  the  toe  of  the  embankment  immediately  adjacent  to  the 
downstream  end  of  the  right  spillway  training  wall,  there  is 

a  wet  area  approximately  30  to  40  ft.  long  and  20  ft.  wide. 
There  was  no  active  flow.  A  large  wet  area  occurs  at  the 
toe  of  the  embankment  left  of  the  spillway.  The  location  is 
shown  in  Photos  No.  3,  4  and  17.  Cattails  cover  most  of 
the  area  which  extends  a  few  feet  up  the  embankment  slope. 
The  presence  of  blackberry  bushes  on  the  slope  above  the 
cattails  suggests  a  moist  area.  Photo  No.  4.  Again,  no  ac¬ 
tive  flow  was  noted. 

2.  The  embankment  slopes  are  generally  covered  by  knee-high 
grass,  weeds  and  brush.  In  addition  to  the  blackberry 
bushes  noted  above,  there  were  patches  of  sumac  and  sever¬ 
al  6  to  8  ft.  high  oak  saplings.  Growth  adjacent  to  the  right 
training  wall  is  shown  in  Photos  No.  8  and  9. 

3.  There  are  numerous  animal  holes,  believed  to  be  fox  and 
woodchuck,  on  the  downstream  slope.  One  of  the  holes  is 
shown  in  Photo  No.  2.  Since  the  dam  embankment  has  a 


central  concrete  core  wall  to  rock,  animal  holes  should 
not  endanger  the  embankment. 


4.  A  few  2-man  size  stones  have  been  plucked  from  the  up¬ 
stream  stone  paving,  right  of  the  spillway. 

5.  Considerable  seepage  occurs  through  the  masonry  wall  at 
the  downstream  end  of  the  left  training  wall.  Photos  No. 

17  and  18.  In  addition,  water  was  flowing  from2  of  3  one 
to  two-inch  diameter  pipes  located  at  the  base  of  the  wall. 

C.  Appurtenant  Structures.  The  weir,  sidewalls  and  dis¬ 
charge  channel  walls  are  all  faced  with  granite  masonry.  The  smooth 
faced  granite  masonry  at  the  top  of  weir  exhibited  loss  of  mortar  from 
joints.  Vegetation  is  also  prsent  in  the  joints.  Photo  No.  7.  Seepage 
through  the  weir,  outletting  in  the  upper  courses  of  the  quarry  faced 
stone  was  evident.  Water  trickling  or  flowing  from  the  upper  joints 
was  noted  in  more  than  twelve  locations,  evident  to  the  unaided  eye  of 
the  observer  standing  in  the  discharge  channel  below.  No  leakage  was 
observed  to  be  discharging  under  full  hydrostatic  pressure.  At  and  be 
low  the  point  of  seepage,  on  the  downstream  face,  the  granite  face  was 
wet,  moist,  stained  and  contained  deposits  of  efflorescence.  These 
conditions  are  shown  in  Photos  No.  9,  10  and  11. 

Concrete  placed  to  form  a  transition  between  the  weir  and 
rock  surface  of  the  discharge  channel  has  been  severely  eroded 
where  it  has  remained  in  place.  Some  of  the  areas  have  become 
loose  and  the  concrete  displaced  into  the  discharge  channel.  Photo 
No.  16. 


The  left  spillway  training  wall  contains  three  weep  holes  at 
the  lower  end,  with  the  two  weepholes  closest  to  the  weir  discharg¬ 
ing  water.  More  water  was  observed  flowing  through  the  joints  in  the 
lower  portion  of  the  wall  than  through  the  weep  holes.  The  seepage, 
efflorescence  and  moss  growth  are  primarily  in  the  lower  regions  of 
the  wall.  Photos  No.  17  and  18. 

The  right  spillway  training  wall.  Photo  No.  9,  has  no  weep¬ 
holes.  There  appears  to  be  a  drain  discharging  water  at  foundation 
level  at  the  junction  of  this  wall  and  the  back  wall  of  the  side  discharge 
channel.  The  wall  has  moist  spots  and  efflorescence  present  in  the 
lower  regions. 
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The  back  wall  of  the  side  discharge  channel  has  some  vegeta¬ 
tion  growth  in  the  joints  and  requires  repointing. 

The  side  discharge  channel  bottom  is  exposed  bedrock.  Deep¬ 
er  depressions  in  the  rock  have  been  filled  with  mortared  cut  stones. 
Soil  has  accumulated  in  the  channel  and  lush  vegetation  is  present  in 
the  form  of  tall  grass,  weeds,  reeds  and  brush.  At  the  beginning  of 
this  channel,  against  the  right  spillway  training  wall,  water  is  perco¬ 
lating  in  one  spot  up  from  the  rock  below.  The  beginning  area  of  the 
side  discharge  channel  contains  considerable  rust  staining.  Rust 
stains  are  also  present  along  the  channel.  Loose  rocks  and  concrete 
debris  from  the  fillet  between  the  weir  and  channel  are  lying  in  the 
channel.  The  outlet  channel  adjacent  to  the  weir  has  vegetation  growth 
between  the  stone  paving.  The  invert  stones  are  in  place  from  the 
weir  to  the  outlet  of  the  48- inch  discharge  pipe.  Downstream  of  this 
pipe  the  paving  shows  some  areas  of  displaced  stones.  Minor  debris 
is  present  in  the  downstream  channel.  These  conditions  are  shown 
in  Photos  14,  15,  16,  19  and  20. 

The  control  house  exterior  masonry  is  in  good  condition. 

Photo  No.  12.  The  upper  joints  in  the  masonry  indicate  the  loss  of 
some  mortar.  The  windows  and  doors  are  in  poor  condition.  The 
interior  main  floor  of  the  structure  has  betn  modified  a  number  of 
times.  Grating  and  steel  plates  cover  abandoned  openings  in  the 
slab.  One  area  of  the  floor  adjacent  to  a  covered  opening  shows  in¬ 
tentional  or  unintentional  distortion.  The  shafts  below  the  main  floor 
were  not  available  for  observation  during  the  inspection.  However, 
the  one  shaft  viewed  from  the  top  indicated  that  the  shaft  was  brick- 
lined  and  in  good  condition  (in  the  upper  region). 

D.  Reservoir  Area.  The  area  around  Sudbury  Reservoir  is 
generally  wooded.  While  some  slopes  are  steep,  there  is  no  possibili¬ 
ty  that  landslides  into  the  reservoir  would  cause  waves  which  would 
overtop  the  dam.  No  conditions  which  might  result  in  a  sudden  in¬ 
crease  in  sediment  load  into  the  reservoir  were  noted. 

E.  Downstream  Channel.  The  channel  immediately  down¬ 
stream  of  the  spillway  is  in  satisfactory  condition.  The  floor  of  the 
side  channel  is  irregular  bedrock  with  a  considerable  cover  of  brush. 
Photos  No.  14  and  15.  While  some  paving  stones  have  been  displaced 
in  the  channel  immediately  downstream  of  the  left  end  of  the  spillway. 
Photos  No.  19  and  20,  the  floor  is  generally  in  good  condition.  A  low 
masonry  wall  on  the  left  side  of  the  channel  and  a  paved  slope  and  ma- 
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sonry  wall  on  the  right,  extend  a  short  distance  downstream  of  the 
roadway  bridge.  Photos  No.  2land22.  Conditions  further  down¬ 
stream  are  shown  in  Photo  No.  21. 

3.2  EVALUATION 

Based  on  the  visual  examination  during  the  site  visit  on  30  June 
1978  the  dam  and  appurtenant  structures  are  in  good  condition  with  the 
exception  of  the  observed  line  of  seepage  approximately  10  ft.  below 
the  spillway  crest  and  a  few  minor  deficiencies  as  described  in  Section 
VII.  This  seepage  line  may  indicate  the  presence  of  a  crack  through 
the  spillway  which  would  be  a  concern.  Otherwise,  the  minor  deficien- 
ies  noted  require  long  term  action  and  should  not  have  an  immediate 
effect  on  the  performance  or  safety  of  the  project. 


IV.  OPERATIONAL  PROCEDURES 


4.  1  PROCEDURES 

In  general,  the  operation  of  the  clam  is  controlled  by  instruc¬ 
tions  from  the  MDC  Framingham  office.  The  operation  appears  to  be 
based  on  water  demand. 


4.  2  MAINTENANCE  OF  DAM 

It  appears  that  the  dam  embankment,  the  spillway  weir  and 
other  components  of  the  structure  have  received  little  maintenance 
since  about  1956  when  the  toe  of  the  weir  was  gunited.  The  earth  em¬ 
bankment  has  not  been  mowed  for  several  years. 

4.  3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  operating  facilities  appear  to  have  received  maintenance 
only  when  such  maintenance  has  become  a  necessity.  The  dam  sup¬ 
plies  water  only  during  periods  of  high  demand,  and  then  the  water  is 
discharged  into  the  stream  to  flow  into  another  reservoir  at  a  lower 
elevation.  All  gates  and  valves  in  the  control  house  are  hand  operated. 
There  are  no  gauges  or  indicators  present  in  the  building.  ELectric 
power  to  or  from  the  structure  has  been  discontinued. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

There  is  no  established  warning  system  or  emergency  pre¬ 
paredness  plan  in  effect  for  this  structure. 

4.  5  EVALUATION 

At  least  a  portion  of  the  control  outlets  are  working,  as  per¬ 
sonnel  indicated  they  had  closed  the  outlets  approximately  one  week 
prior  to  the  inspection.  Plans  of  the  outlet  works  should  be  updated 
and  kept  at  the  site.  The  amount  of  leakage  by  the  gates  observed 
during  the  inspection  and  the  condition  of  the  interior  of  the  control 
structure  indicates  that  the  structure  should  probably  be  reconditioned 
and  a  periodic  maintenance  program  be  instituted.  The  condition  of 
the  side  discharge  channel  and  the  masonry  weir  and  walls  indicate 
that  a  periodic  maintenance  program  should  be  instituted.  The  em¬ 
bankment  slopes  should  be  mowed. 


V.  HYDRAULIC/HYDROLOGIC 


•  • 


5.  1  EVALUATION  OF  FEATURES 

A.  Design  Data.  The  Sudbury  Dam  was  designed  and  con¬ 
structed  in  the  late  1890's  by  the  Commonwealth  of  Massachusetts 
Metropolitan  Water  Works  (MDC)  to  create  a  water  supply  reservoir. 
Some  record  drawings  have  been  found  but  no  hydrologic  data  have 
been  located. 

1.  Recent  hydraulic/hydrologic  data  which  have  been  gener¬ 
ated  under  the  Department  of  Housing  and  Urban  Develop¬ 
ment  Flood  Insurance  Administration  (HUD/FIA)  Program 
is  in  a  preliminary  state  and  is  presently  unavailable. 

2.  The  recommended  test  flood  for  the  size  (intermediate) 
and  hazard  potential  (high)  classification  of  this  dam  is 
the  probable  maximum  flood  (PMF). 

B.  Experience  Data.  The  PMF  was  determined  by  conserva¬ 
tively  using  the  peak  flow  rate  for  rolling  terrain  as  developed  by  the 
New  England  Division,  Corps  of  Engineers.  The  peak  inflow  PMF  of 
33,  500  cfs  was  then  routed  through  the  reservoir.  The  resulting  maxi¬ 
mum  reservoir  outflow  at  the  Sudbury  Dam  was  determined  to  be  11,100 
cfs. 

C.  Visual  Observations.  Since  the  original  construction  of 
the  dam,  approximately  14  in.  of  flashboards  have  been  added  to  the 
crest  of  the  spillway  and  are  held  in  place  every  10  ft.  by  hinged  iron 
pins. 

D.  Overtopping  Potential.  A  stage-discharge  relationship 

was  developed  for  the  spillway.  The  maximum  spillway  discharge  at 
the  top  of  the  dam  [El.  260.  35  National  Geodetic  Vertical  Datum 
(NGVD)]  is  23,  200  cfs.  The  spillway  water  surface  at  the  PMF  is 
El.  257.8  (2,  5  ft.  below  top  of  dam)  with  the  flashboards  removed 

and  El.  2  59  .  5  (  0  .  8  ft.  below  top  of  dam)  with  the  flashboards  in 
place.  Therefore,  the  spillway  is  adequate  for  the  test  flood. 

E.  Evaluation.  Although  the  spillway  is  hydraulically  ca¬ 
pable  of  passing  the  test  flood,  it  appears  unlikely  that  the  discharge 
channel  immediately  downstream  of  the  spillway  would  be  adequate  to 
contain  this  peak  flow.  Consequently,  some  minor  flooding  would  occur. 
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particularly  with  regard  to  the  control  and  treatment  facilities  belong¬ 
ing  to  the  MDC  which  are  located  at  the  foot  of  the  dam. 

Dam  failure  analysis  based  on  a  40  percent  breach  width  of 
the  earth  dam  resulted  in  a  peak  failure  outflow  of  232,  000  cfs.  The 
watershed  downstream  of  the  dam  consists  of  water  supply  Reservoir 
No.  3  which  is  spanned  by  the  Massachusetts  Turnpike  and  regulated 
by  a  dam  which  discharges  to  Reservoir  No.  1.  Reservoir  No.  1, 
which  is  also  controlled  by  a  dam,  discharges  to  the  Sudbury  River 
which  flows  through  Framingham  Center. 

Analysis  of  the  first  reach  from  the  Sudbury  Dam  to  the  Mass¬ 
achusetts  Turnpike  resulted  in  an  overtopping  of  the  Turnpike  with  a 
water-surface  elevation  in  excess  of  200.0.  At  this  stage,  severe 
damage  and  loss  of  life  would  occur  in  the  MDC  buildings  at  the  foot 
of  the  dam  and  in  newly  constructed  residences  (not  shown  on  pres¬ 
ent  USGS  Quadrangle)  along  Thomas  Drive  and  in  the  new  develop¬ 
ment  located  between  Reservoir  No.  3,  Route  30,  Route  90,  and 
Marist  College. 

In  conclusion,  the  spillway  is  adequate  to  pass  the  test  flood 
(both  gated  and  ungated)  and  in  the  event  of  a  dam  failure,  a  high  haz¬ 
ard  exists  for  loss  of  life  in  many  homes  located  between  the  dam  and 
the  Massachusetts  Turnpike. 
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VI.  STRUCTURAL  STABILITY 

6.  1  EVALUATION  OF  EMBANKMENT  STRUCTURAL  STABILITY 

A.  Visual  Observation.  Although  the  embankment  slopes  were 
difficult  to  examine  due  to  vegetation,  there  was  no  visible  evidence  of 
embankment  instability  during  the  site  examination  on  30  June  1978. 
There  was  no  evidence  of  erosion  or  piping  where  seepage  occurs  at 
the  downstream  toe  left  of  the  spillway.  Therefore,  the  seepage  is 
not  considered  to  pose  an  immediate  hazard  to  the  stability  of  the 
downstream  slope. 

B.  Design  and  Construction  Data.  MDC  Record  Drawings  of 
Sudbury  Dam,  Appendix  B,  show  the  design  cross-section  for  the  em¬ 
bankment.  However,  no  other  design  and  construction  data  are  avail¬ 
able  which  would  indicate  the  physical  properties  of  earth  fills  in  the 
embankment.  Therefore,  a  theoretical  analysis  of  the  structural  sta¬ 
bility  of  the  dam  was  not  possible. 

The  upstream  portion  of  the  embankment  is  "boulder  clay 
puddle"  with  two  horizontal  to  1  vertical  slopes  and  a  minor  berm. 

The  stability  of  this  70-ft.  high  slope  during  rapid  drawdown  of  the 
reservoir  level  is  questionable.  The  downstream  section  of  the  em¬ 
bankment  is  "sand  and  gravel",  having  slopes  of  2  to  1  and  2-1/2  to 
l  with  a  small  berm.  In  the  absence  of  significant  seepage,  this  slope 
would  be  expected  to  be  adequately  stable  under  static  loading  condi¬ 
tions. 

The  concrete  core  wall  which  separates  the  two  sections  of  the 
embankment  is  founded  on  bedrock,  according  to  the  record  drawings. 
While  the  condition  of  the  wall  is  unknown,  it  is  probable  that  the  wall 
along  with  the  "boulder  clay  puddle"  upstream  will  effectively  control 
seepage  through  the  embankment.  It  is  probable,  therefore,  that  water 
in  the  wet  areas  which  occur  downstream  of  the  toe,  especially  at  the 
left  side,  originates  from  bedrock  which  occurs  at  shallow  depths  be¬ 
low  existing  ground.  Some  seepage  from  the  rock  into  the  "sand  and 
gravel"  of  the  downstream  portion  of  the  embankment  is  also  occur¬ 
ring.  The  line  of  seepage  appears  to  be  somewhat  above  the  toe.  Fur¬ 
ther  evidence  of  seepage  and  high  water  levels  left  of  the  spillway  is 
given  by  seepage  through  the  downstream  end  of  the  left  training  wall, 
Photo  No.  18. 
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C.  Operating  Records.  There  are  no  records  of  embankment 
settlement,  lateral  movement,  pore  water  pressures  or  other  infor¬ 
mation  from  field  instrumentation. 

D.  Post-Construction  Changes.  It  does  not  appear  that  there 
have  been  any  post- construction  changes  to  the  dam  embankment  since 
it  was  constructed  in  the  1890's. 

E.  Seismic  Stability.  Sudbury  Dam  is  located  in  Seismic  Zone 
2  and  in  accordance  with  recommended  Phase  I  guidelines  does  not 
warrant  siesmic  analyses. 

6.  2  EVALUATION  OF  SPILLWAY  STRUCTURAL  STABILITY 


A.  Visual  Observations.  There  was  no  visual  evidence  that 
movement  or  distress  in  the  spillway,  side  discharge  channel  and 
control  structure  has  taken  place.  However,  abnormal  seepage  was 
observed  exiting  from  the  weir  crest.  In  addition,  seepage  from  the 
lower  portions  of  the  side  walls  indicates  that  water  is  present  behind 
these  walls. 

B.  Design  and  Construction  Data.  Design  data  in  the  form  of 
record  drawings  of  the  original  construction  (dated  18 99)  are  avail¬ 
able  and  some  of  the  drawings  for  the  modification  of  the  control  struc 
tue  were  also  located. 

Calculations  based  on  the  original  contract  drawings  indicate 
that  the  spillway  weir,  if  in  good  structural  condition,  is  safe  for  the 
PMF.  However,  a  seepage  line  was  observed  approximately  ten  feet 
from  the  crest.  If  a  horizontal  crack  in  the  weir  occurs  at  this  level, 
the  upper  portion  of  the  weir  should  not  be  considered  safe  for  sliding 
under  PMF  conditions. 

C.  Operating  Records.  There  are  no  records  which  would  in¬ 
dicate  the  magnitude  and  nature  of  past  structural  movements,  if  any. 
There  are  no  records  of  uplift  water  pressures  or  other  information 
from  field  instrumentation. 


D.  Post-Construction  Changes.  The  present  spillway  was 
constructed  in  approximately  1897.  Since  that  time,  there  have  been 
no  major  alterations  to  the  spillway.  The  placement  of  a  concrete 
transition  at  the  toe  of  the  weir  in  about  1956  has  been  reported  and 
the  visual  inspection  tends  to  confirm  that  the  work  was  performed. 

The  outlet  structure  was  modified  in  about  1915  to  generate  elec¬ 
tricity  and  later  on  to  remove  the  generation  equipment. 

E.  Seismic  Stability.  The  top  of  the  weir  cannot  be  considered 
safe  for  seismic  loading  until  the  path  of  the  water  surfacing  on  the 
downstream  face  of  the  dam  is  determined  and  its  effect  on  the  stabili¬ 
ty  evaluated.  The  trial  section  of  the  weir  indicated  that  the  factor  of 
safety  against  sliding  is  marginal  with  uplift  pressures  and  a  wave 
height  approaching  the  PMF  level.  Wave  heights  of  this  magnitude 
during  seismic  activity  would  not  be  unreasonable. 

Since  the  dam  is  located  in  Seismic  Zone  2,  the  spillway  as  a 
whole  can  be  considered  adequately  safe  under  seismic  loadings. 
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VII.  ASSESSMENT,  RECOMMENDATIONS 
AND  REMEDIAL  MEASURES 


7.  1  DAM  ASSESSMENT 

A.  Condition.  The  visual  examination  of  Sudbury  Dam  and 
review  of  available  documents,  did  not  reveal  any  evidence  of  failure 
or  conditions  which  would  warrant  urgent  remedial  treatment.  The 
project  is  generally  in  good  condition. 

Sudbury  Dam  is  capable  of  safely  passing  the  test  flood,  esti¬ 
mated  to  be  8, 100  cfs  based  on  the  PMF,  without  overtopping  the  dam. 
Passage  of  the  PMF,  however,  will  result  in  moderate  flooding  down¬ 
stream. 

Nevertheless,  some  maintenance  should  be  performed  and  ad¬ 
ditional  investigations  should  be  undertaken  as  outlined  hereafter. 

B.  Adequacy  of  Information.  Generally,  available  drawings 


and  other  information  were  adequate  for  the  Phase  I  Investigation. 
However,  there  is  insufficient  information  for  a  detailed  evaluation 
of  the  stability  of  the  spillway  weir  and  of  the  downstream  embank¬ 
ment  slope  left  of  the  spillway,  for  static  loads  and  forces  due  to 
earthquakes. 


C.  Urgency.  The  recommendations  for  additional  investiga¬ 
tions  and  remedial  measures  outlined  in  Sections  7.2  and  7.3,  respec¬ 
tively,  should  be  undertaken  by  the  MDC  within  24  months  after  re¬ 
ceipt  of  this  Phase  l  Inspection  Report. 

D.  Need  for  Additional  Investigation.  Additional  investiga¬ 


tions  should  be  performed  by  the  Owner  as  outlined  in  Section  7.2. 
7.2  RECOMMENDATIONS 

1.  An  investigation  be  performed  to  evaluate  seepage  and 
embankment  slope  stability  left  of  the  spillway  weir. 

The  investigation  should  include  test  borings  and  instal¬ 
lation  of  groundwater  observation  wells,  after  the  em¬ 
bankment  and  area  immediately  downstream  of  the  toe 
are  cleared  of  brush  and  grass  and  weeds  are  mowed. 
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2.  A  stability  investigation  of  the  upper  portion  of  the  spill¬ 
way  weir  be  performed  under  loading  from  the  test  flood 
and  seismic  conditions.  The  visual  examination  of  the 
spillway  weir  indicated  a  line  of  seepage  approximately 
ten  feet  down  from  the  crest  of  the  weir.  The  upper  por¬ 
tion  of  the  weir  should  not  be  considered  safe  without  a  de¬ 
tailed  evaluation  of  the  path  of  the  seepage  and  its  effect 
on  the  weir  stability. 

7.3  REMEDIAL  MEASURES 

A.  Alternatives.  Not  applicable. 

B.  Operating  and  Maintenance  Procedures.  The  following 
remedial  work  should  be  undertaken  by  the  MDC,  in  addition  to  the  in¬ 
vestigations  outlined  in  Section  7.2,  to  correct  deficiencies  noted  during 
the  visual  examination: 


1.  Clear  brush  and  saplings  and  mow  grass  and  weeds  on  the 
embankment  at  least  once  a  year.  Areas  which  are  wet 
downstream  of  the  toe  should  also  be  cleared  to  allow  visu¬ 
al  examination. 

2.  Repo  int  granite  masonry  at  crest  of  spillway,  on  the  down¬ 
stream  face  of  the  spillway  weir  and  elsewhere,  as  re¬ 
quired. 

3.  Renew  the  concrete  fillet  between  the  toe  of  the  weir  and 
rock  surface  in  the  side  spillway  channel. 

4.  Remove  brush  and  loose  rock  from  the  side  channel  at 
bottom  of  spillway  weir. 

5.  Repair  and  maintain  the  control  house  to  protect  the  con¬ 
tained  equipment,  ensure  safety  of  personnel,  ensure 
the  equipment  is  operational  and  minimize  leakage 
through  the  structure. 

6.  Due  to  the  height  of  the  dam  and  its  "high"  hazard  po¬ 
tential  classification,  develop  a  formal  emergency  pre¬ 
paredness  plan  and  warning  system,  in  cooperation  with 
local  officials  in  communities  downstream  of  the  project. 


7.  Drawings  of  the  outlet  works  including  outlet  pipes,  gates, 
etc,  as  they  presently  exist,  should  be  prepared  and  kept 
at  the  dam  site.  In  addition,  an  O.  &  M.  manual  should 
be  prepared  to  assure  that  controls  will  be  operated  peri¬ 
odically,  grass  on  the  embankment  will  be  mowed  and 
other  procedures  required  to  maintain  the  structure  in 
good  operating  condition  will  be  followed.  Funds  for  the 
work  should  be  allocated  annually  by  the  MDC. 

8.  Until  the  recommended  investigations  are  completed,  the 
MDC  should  provide  surveillance  of  the  dam  during  periods 
of  unusually  heavy  precipitation  and  high  reservoir  levels. 

9.  Continue  periodic  inspections  on  a  bi-annual  basis. 
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